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Abstract 
In this research gold nanoparticles (AuNPs) were synthesized by using aqueous extract of Elaeis guineensis (oil palm) leaves. 
Effects of reaction time on rate of reduction, size of particles and stability of gold nanoparticles were investigated. Reduction of 
gold precursor to form gold nanoparticles was monitored by recording SPR wavelength on a UV-vis spectrophotometer. SPR 
wavelength and maximum absorbance of the reaction medium reached a plateau after 60 min of reaction indicating complete 
reduction of gold precursor to gold nanoparticles. DLS measurements showed that polydispersed gold nanoparticles with average 
hydrodynamic diameter of 55.22 ± 42.86 nm were formed during the AuNPs synthesis reaction. Synthesized gold nanoparticles 
with zeta potential value of -14.7 mV were stable for 30 days. 
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1. Introduction 
Metallic nanoparticles are commercially synthesized through physical and chemical modes [1]. These procedures are costly 
and deploy toxic reducing agents and stabilizers which are unsuitable for biological applications [2].  In the last decade, intense 
research efforts were directed towards development of green routes for synthesis of nanoparticles.  Biosynthesis of metal 
nanoparticles has become a suitable alternative technique compared to physical and chemical methods [3-9]. 
Gold nanoparticles gained special focus of researchers due to their use in optoelectronic devices, biosensors and catalysis 
applications [10-12]. In the last decade various plant resources were successfully utilized for synthesis of gold nanoparticles- 
such as Pictacia integerrima, Inonotus obliquus, Stachys lavandulifolia Vahl, Pogestemon benghalensis, Nerium oleander leaves 
and Hibiscus Sabdariffa flower [13-18]. These plants are rich resources of phytochemicals with aromatic hydroxyl, aldehyde and 
carboxylic functional groups.  
Oil palm (Elaeis guineensis) is a persistent monocot and belongs to Palmae family and Cocoineae tribe [19]. Oil palm tree is 
normally grown in tropical areas. It is a crop that contributes significantly to Malaysian economy [21]. It gained second position 
as a feedstock for production of vegetable oil after soybean oil [20]. Presence of several phytochemicals, flavonoids and 
antioxidants-tannins, alkaloids, terpenoids, steroids, reducing sugars and saponins in oil palm leaves has been conclusively 
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proved in recent studies [22-24]. Phenolic contents of aqueous oil palm leaf extract (catechins and carotenoids) are higher 
compared to those present in green tea leaf extract [25].  
In the present study aqueous extract of E.guineensis leaves, which are abundantly available in Malaysia as a major bio waste 
from oil palm industry, was used for biosynthesis of gold nanoparticles.  Statistically designed experiments were performed to 
establish optimal conditions for synthesis of stable gold AuNPs.  Size of gold nanoparticles and identification of bio compounds 
responsible for reduction of gold precursor were evaluated by using DLS (with zeta potential) and FTIR measurements 
respectively. Effects of reaction time on size and stability of AuNPs are described in this paper.  
 
Nomenclature 
AuNPs Gold nanoparticles 
DLS       Dynamic light scattering 
FTIR  Fourier transform infrared spectroscopy  
SPR        Surface plasmon resonance 
 
2. Experimental 
 
2.1. Materials and methods  
 
     Gold (III) chloride trihydrate 99.99% pure was procured from Sigma Aldrich, Malaysia. Stock solution gold chloroauric acid 
with 12.69 mM concentration was made by mixing 500 mg of gold (III) chloride trihydrate in 100 ml deionized water. Precursor 
solutions of desired molar concentrations were prepared by appropriate dilutions of the stock solution.  Oil palm leaves were 
collected locally from Felcra Berhad Nasaruddin Oil Palm Mill in Perak, Malaysia.  
 
2.2. Preparation of oil palm leaves extract 
 
The oil palm leaves were completely washed with distilled water. These oil palm leaves were dried by placing them under 
sunlight for one week. They were cleaned again with distilled water to get rid of dirt particles. These oil palm leaves were finally 
dried in an oven for 480 min at 70 ˚C. The fine powder was made from these oil palm leaves with IKA grinder to get particles of 
size 0.25 mm. The 2.0 g leaf powder was mixed with 500 rpm in 40 ml distilled water at 70 ˚C for duration of 10 min. The 
resulting mixture was filtered through gravity filtration using Whatman 40 filter paper. This filtrate was kept at 4˚C for future 
experimentation. 
 
2.3. Synthesis of gold nanoparticles 
 
Biosynthesis of AuNPs was done at room temperature by adding 10 ml of oil palm leaves extract in 60 ml of 1.53 mM 
aqueous gold chloroauric acid solution. Reaction solution was stirred at 30˚C and 500 rpm using six port hot plate magnetic 
stirrer. Synthesis of AuNPs was detected by witnessing a color change of the reaction solution from yellow to light red. Progress 
of the reduction of gold chloroauric acid to form gold nanoparticles was recorded by analyzing aliquot samples collected from 
the reaction medium at fixed time intervals and performing UV-vis spectrophotometric analysis. Maximum absorbance and 
wavelength for each reaction sample taken at different time intervals was taken from UV-vis spectra.  
 
2.4. Characterization 
 
Lambda Perkin Elmer UV-Visible spectrophotometer was used to get absorption spectra for AuNPs in range (400 to 700 nm). 
Average particles diameter and particle size distribution of gold sol were measured with DLS (Malvern Zetasizer Nano ZSP). 
Identification of functional groups of bio compounds present in oil palm leaves extract before and after reaction was done with 
FTIR spectrophotometer (Perkin-Elmer) in the range 450 cm-1 to 4500 cm-1. 
 
2.5. Effect of time on synthesis of gold nanoparticles 
 
To find influence of time of reaction on synthesis of gold nanoparticles, aliquot samples from the reaction medium were taken 
out at different time intervals ranging from 5 min to 480 min. Impact of reaction time on synthesis of AuNPs was investigated by 
monitoring UV-vis spectrophotometric absorbance and λmax in range 530 nm to 555 nm. 
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2.6. Results and Discussions 
 
A color change was observed from yellow to light red in reaction medium after 8 min of mixing at room temperature. 
Reaction solution changed its color from yellow to light red in about 8 min at room temperature. UV-vis spectra of samples of 
reaction solution collected at different time intervals are displayed below in Fig 1.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 1. Time dependent UV-Vis spectra for AuNPs reaction solution  
 
Fig. 1 shows that no significant reduction of the precursor solution occurred in first 5 min of reaction (as no SPR peak 
formation and change in color of reaction medium was observed).Time dependent UV-vis spectra showed a broader peak at 555 
nm for reaction sample collected at 10 min. Intensity of SPR band increased with progress of reaction with time and became 
almost constant after 60 min due to completion of reduction reaction.  Intense wine red color of the reaction mixture was also 
observed after 60 min that indicated completion of reaction [26-27]. 
 
2.7. Change in absorbance and max wavelength with time 
 
Fig. 2 shows a plot of maximum absorbance at SPR wavelength with time of reaction. Increase in absorbance of the reaction 
medium during 5 min to 60 min was attributed to reduction of gold precursor and increase in population of AuNPs. The 
absorbance value became constant after 60 min reaction time due to complete reduction of available gold ions in the reaction 
medium.  The maximum absorbance values for reaction samples at different time intervals was taken from UV-vis spectra.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 2. Change in maximum absorbance with time (min) 
 
Change in maximum wavelength with reaction time is shown in Fig 3. No change in maximum wavelength was observed after 
60 min reaction time as the size of the synthesized AuNPs became constant.  Size of gold nanoparticles particles could not be 
accurately measured with DLS as DLS measurements also includes the thickness of layer of capping agents present on surface of 
nanoparticles [28]. This can be more confirmed by measuring the size of gold nanoparticles synthesized after 60 min time of 
reaction with Transmission electron microscope (TEM).   
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Fig. 3.  Change in maximum wavelength with time (min) 
 
2.8. Particles size analysis and stability 
 
Particle size analysis for AuNPs was done by using DLS zetasizer. Hydrodynamic diameter of polydispersed gold 
nanoparticles was found to be 55.22 ± 42.86 nm as shown in Fig. 4.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .4. Particle size distribution for gold nanoparticles after 60 min reaction time 
 
Stability of gold nanoparticles was measured through zeta potentiometer. Zeta potential of the formed gold nanoparticles was 
-14.7 mV as shown in Fig 5.  Similar zeta potential values were reported for gold nanoparticles synthesized with Moringa 
Oleifera petals [29]. The gold nanoparticles were found to be stable for one month with little or no agglomeration. Because gold 
nanoparticles start to agglomerate with each other due to low surface charge on particles and getting more stable energy state 
with passage of time.    
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig .5. Zeta Potential distribution for gold nanoparticles 
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2.9. FTIR Analysis  
 
The broad peak observed at 3390 cm-1 corresponds to O-H bonds which were contributed by alcohol and phenolic groups. The 
band observed at 1635 cm-1  and 1641 cm-1 were attributed to amides containing C=O bonds as shown in Fig. 6. Some sharp 
peaks were also witnessed at 1071 cm-1, 1552 cm-1 and 1412 cm-1 showing existence of aromatic C-O bonds, N-H bonds, and α-
CH2bonds of cyclopentanone. Broader peaks were also found at 690 cm
-1 and 700 cm-1 attributing to C-H alkenes [30]. The 
literature also showed the existence of phenolic and carboxylic compounds and many other important phytochemicals in oil palm 
leaves extract [22-24]. The phenolic, carboxylic, nitrogen compounds, vitamins and reducing sugars have been reported to play 
the role in reduction of gold choloauric acid and stabilizing AuNPs [31]. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 6. FTIR spectra for oil palm leaf extract before and after reaction. 
     Major differences in two peaks was witnessed at 3412 cm-1 and 1638 cm-1. These two peaks indicate the role of O-H bonds 
(phenol, alcohol) and C=O bonds (carboxylic acids and its derivatives) in reduction of gold solution. The phenolic and 
carboxylic compounds were considered to be acted as reducing and stabilizing agents in the formation of AuNPs. 
3. Conclusion 
Biosynthesis of AuNPs was done by using aqueous oil palm leaves extract. Effect of time of reaction for reduction of gold 
was investigated. Polydispersed gold nanoparticles were formed with 55.22 ± 42.86 nm and -14.7 mV of zeta potential. The 
phenolic and carboxylic compounds were considered to be accountable for reduction of gold chloroauric acid to synthesize 
AuNPs. These phenolic and carboxylic compounds were found responsible as reducing and stabilizing agents in synthesis of 
AuNPs. The rate of reduction for formation of gold nanoparticles was increasing with increase in reaction time.  
Acknowledgements 
This research has been sponsored through FRGS project (0153AB-I96) by Ministry of Higher Education Malaysia and STIRF 
(0153AA-C77) funding from Universiti Teknologi PETRONAS Malaysia. Graduate assistant scheme by UTP is also 
acknowledged. 
References 
[1] S.S. Shankara, A. Raia, A. Ahmad, Rapid synthesis of Au, Ag, and bimetallic Au core–Ag shell nanoparticles using Neem (Azadirachta indica) leaf broth. J. 
Colloid Interface Sci. 275 (2004) 496-502. 
[2] E.M Egorova, A.A Revina, Synthesis of metallic nanoparticles in reverse micelles in the presence of quercetin. Colloids Surf., A. 168 (2000) 87-96. 
[3] G. F. Paciotti, L. Myer, D. Weinreich, D. Goia, N. Pavel, R. E. McLaughlin, L. Tamarkin, Colloidal gold: a novel nanoparticle vector for tumor directed drug 
delivery, Drug delivery, 11 (2004) 169-183. 
[4] J.L. Gardea-Torresdey, E. Gomez, J.R. Peralta-Videa, J.G. Parsons, H. Troiani, M. Jose-Yacaman, Alfalfa Sprouts:  A Natural Source for the Synthesis of 
Silver Nanoparticles, Langmuir, 19 (2003) 1357-1361. 
[5] D. Tang, R. Yuan,Y. Chai, LigandǦfunctionalized core/shell Ag@ Au nanoparticles labelǦfree amperometric immunǦbiosensor,Biotechnol. Bioeng. 94 
(2006)996-1004. 
[6] J.A. Dahl, B. L.S. Maddux, and J.E. Hutchison, Toward greener nanosynthesis,Chem. Rev. 107 (2007) 2228-2269. 
[7] V.K. Sharma, R.A. Yngard, Y. Lin, Silver nanoparticles: Green synthesis and their antimicrobial activities,Adv. Colloid Interface Sci. 145 (2009) 83-96. 
[8] H. Bar, D. Kr.Bhui, G.P. Sahoo, P. Sarkar, S.P. De, A. Mirsa, Green synthesis of silver nanoparticles using latex of Jatropha curcas,Colloids Surf., A. 339 
(2009) 134-139. 
[9] A. Kaler, N. Patel, U.C. Banerjee, Green synthesis of silver nanoparticles, Curr Res Inf Pharm Sci. 11 (2010) 68-71. 
472   Tausif Ahmad et al. /  Procedia Engineering  148 ( 2016 )  467 – 472 
[10]  M.S Hu, H.L Chen, C.S Shen, L.S Hong, B.R Huang, K.H Chen, L.C Chen, Photosensitive gold-nanoparticle-embedded dielectric nanowires,Nat. Mater. 
5(2006) 102-106. 
[11] J. M.Pingarron, P. Yáñez-Sedeño, A. Gonzalez-Cortes, Gold nanoparticle-based electrochemical biosensors,Electrochim.53 (2008) 5848-5866. 
[12] Y. Mikami, A. Dhakshinamorthy, M. Alvaro, Catalytic activity of unsupported gold nanoparticles,Catal. Sci. Technol. 3 (20130 58-69. 
[13] N.U Islam, K. Jalil, M. Shahid, N. Muhammad, A. Rauf,  Pistacia integerrima gall extract mediated green synthesis of gold nanoparticles and their 
biological activities,  Arabian Journal of Chemistry. 
[14] K. Tahir, S. Nazir, B. Li, A.U Khan, Z.U.H. Khan, P.Y. Gong, S.U Khan, A. Ahmad, Nerium oleander leaves extract mediated synthesis of gold 
nanoparticles and its antioxidant activity,Mater. Lett. 156 (2015) 198-201. 
[15] K.D Lee, P.C. Nagajyouthi, T.V.M. Sreeknath, S. Park, Eco-friendly synthesis of gold nanoparticles (AuNPs) using Inonotus obliquus and their antibacterial, 
antioxidant and cytotoxic activities,J. Ind. Eng. Chem.  26 (2015) 67-72. 
[16] N. Thovhogi, A. Diallo, A. Gurib-Fakim, M. Maaza, Nanoparticles green synthesis by Hibiscus Sabdariffa flower extract: Main physical properties,J. Alloys 
Compd. 647 (2015) 392-396. 
[17] P. Khademi-Azandehi, J. Moghaddam, Green synthesis, characterization and physiological stability of gold nanoparticles from Stachys lavandulifolia Vahl 
extract. Particuology. 19 (2015) 22-26. 
[18] B. Paul, B. Bhuyan, D.D Purkayastha, M. Dey, S.S Dhar, Green synthesis of gold nanoparticles using Pogestemon benghalensis (B) O. Ktz. leaf extract and 
studies of their photocatalytic activity in degradation of methylene blue, Mater. Lett. 148 (2015) 37-40. 
[19] RHV Corley, PB Tinker, The palm oil, World Agriculture Series, 2003. 
[20] T. Mielke, Outlook for oils and fats from 1996 onwards with special emphasis on oil palm and kernel oil. in PAC Seminars of the Palm Oil Res. Inst. of 
Malaysia (PORIM). 1996. 
[21] Y. Basiro, Palm oil and its global supply and demand prospects,(OPIEJ). 2 (2002) 1-10. 
[22] Tan, R.T Rosalina, Mohammad, Suhaila, Fard, S. Ghas, M. Mustapha, Noordin, Goh, Y. Meng, A. Manap, M. Yazid, Polyphenol rich oil palm leaves 
extract reduce hyperglycaemia and lipid oxidation in STZ-rats,Int. Food Res. J. 18 (2011) 179-188. 
[23] V. Soundararajan, S. Sreenivasan, Antioxidant activity of Elaeis guineensis leaf extract: An alternative nutraceutical approach in impeding aging, APCBEE 
Procedia. 2 (2012)  153-159. 
[24] S. Sasidharan, R. Nilawatyi, R. Xavier, L.Y. Latha, R. Amala, Wound healing potential of Elaeis guineensis Jacq leaves in an infected albino rat model, 
Molecules.15 (2010) 3186-3199. 
[25] R. Irine, MM Noordin, M. Radzali, H. Azizah, N. Hapizah, Antioxidant and hypocholesterolemic effects of Elaeis guineensis frond extract on 
hypercholesterolemic rabbits, Asean Food Journal. 12 (2003) 137-148. 
[26] N.A Ramli, J. Jai, N.M. Yusof, Green Synthesis of Silver Nanoparticles Using Elaeis guineensis (Palm Leaves): An Investigation on the Effect of Reaction 
Time in Reduction Mechanism and Particle Size. in Applied Mechanics and Materials. 2014. Trans Tech Publ. 
[27] T. Ahmad, I.A Wani, N. Manzoor, J. Ahmed, A.M Asiri, Biosynthesis, structural characterization and antimicrobial activity of gold and silver 
nanoparticles,Colloids Surf., B. 107 (2013) 227-234. 
[28] M.V. Sujitha, S. Kannan, Green synthesis of gold nanoparticles using Citrus fruits (Citrus limon, Citrus reticulata and Citrus sinensis) aqueous extract and 
its characterization, Spectrochim. Acta, Part A. 102 (2013) 15-23. 
[29] K. Anand, R.M Gangan, A. PhulukdareeK, A. Chuturgoon, Agroforestry waste Moringa oleifera petals mediated green synthesis of gold nanoparticles and 
their anti-cancer and catalytic activity. J. Ind. Eng. Chem. 21 (2015) 1105-1111. 
[30]B. Mistry, A Handbook of Spectroscopic Data Chemistry: UV, IR, PMR, CNMR and Mass Spectroscopy,Oxford Book Company, Gujrat, 2009. 
[31]V.N.R. Alfredo, S.M. Victor, C.L.A. Marco, G.E.M. Rosa, C.L.A. Miguel, A.A.A. Jesus. Solventless synthesis and optical properties of Au and Ag 
nanoparticles using Camellia sinensis extract. Mater. Lett. 62 (2008) 3103-3105. 
